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Abstract 
An approach for correcting the eccentricity in slight clearance punching of ultra-high strength steel sheets having low ductility 
was developed to improve the quality of sheared edges of punched holes. In this process, a moving die was employed in order 
to correct the eccentricity between the punch and die and to ease the setting of tools. The gap between the die and holder 
allowed the eccentric die to move, and thus the die became concentric after several strikes. For the moving die, the depth of the 
shiny burnished surface on the sheared edge increased and that of the rough fracture surface decreased. It was found that the 
application of moving die in slight clearance is indispensable for high quality punching of ultra-high strength steel sheets. 
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1. Introduction 
 
The reduction in weight of automobiles is effective in improving the fuel efficiency. Kleiner et al. (2006) have 
reviewed technologies of metal forming processes of lightweight components for the reduction of weight and 
improvement of processes involved. Since the rise in strength of the sheet is important to satisfy the safety 
standards for protecting passengers, the application of ultra-high strength steel sheets having a tensile strength 
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above 1 GPa for body-in-white parts are attractive. Although parts made of ultra-high strength steels have high 
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back of the sheet. Matsuno et al. (2010) have improved the quality of surface of sheared edge of thick high strength 
steel sheets by employed a punch having a round corner and an inclined bottom.  
Body-in-white parts are generally punched to make holes for joining, attachment, paint removing, etc. In 
punching of ultra-high strength steel sheets, tools tend to wear and chip due to large punching load, and thus 
shorten the tool life. Eriksson and Olsson (2011) have improved the tool life in stamping of high strength steel 
sheets by the PVD coatings. Thomas (2012) has examined the effect of the clearance ratio on the quality of the 
sheared edge in punching of high strength steel sheets. Although Mori et al. (2012) have improved the quality of 
the sheared edge in punching of ultra-high strength steel sheets using local resistance heating of shearing zone, 
additional apparatus for preheating and cooling systems result in a higher operational cost and takes up extra spaces 
for installation. In addition, Mori et al. (2008) have reported that the rollover depth and burr height of the sheared 
edge became large at high temperature. Mori et al. (2013) have developed a slight clearance punching process of 
ultra-high strength steel sheets using a punch having a small round edge to improve the quality of the sheared edge. 
In this process, setting of tools is not easy in practical punching operations due to the small clearance between the 
punch and die.  
In this study, a slight clearance punching process of ultra-high strength steel sheets with a moving die was 
developed to correct the eccentricity between the punch and die automatically. By setting a gap between the 
moving die and holder, the die is shifted by imbalanced force, and the punch and die become concentric after 
several strikes. 
 
Nomenclature 
c clearance of punch and die   
v  punching speed 
n number of strike 
s punch stroke 
g gap between moving die and holder 
ș angle of measurement 
 
2. Correction of eccentricity by slight clearance punching with moving die 
 
An approach of slight clearance punching of ultra-high strength steel sheets with a moving die (a) before and (b) 
during punching the sheet is shown in Fig. 1. A gap between the moving die and holder was set to automatically 
center the die during punching. As the clearance between the punch and moving die is small, the punch and 
moving die are not set to be exactly concentric prior to punching of steel sheets. During punching, the moving die 
undergoes imbalanced force, and thus the die moves to attain automatic centering. Therefore the correction of 
eccentricity between punch and die in slight clearance punching is possible.   
 
 
 
 
 
 
 
 
 
Fig. 1.Slight clearance punching of ultra-high strength steel sheets with moving die (a) before and (b) during punching sheet and (c) dimensions 
of tools used in slight clearance punching with moving die. 
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The dimensions of the tools used in slight clearance punching with a moving die are given in Fig. 1(c). A TiCN-
coated punch having a small round edge and a SKD 11 moving die were used for punching ultra-high strength steel 
sheets. The clearance between the punch and moving die was 0.008 mm (a ratio of clearance to thickness of 
0.57%). The moving die was set within an eccentricity of 0.14 mm measured from a KEYENCE AT-V 500 
displacement sensor, and therefore a gap of 0.14 mm between the moving die and holder was chosen. The 
JSC980Y and JSC1180Y steel sheets were used in this study. The mechanical properties of ultra-high strength 
steel sheets are given in Table 1. 
                    Table 1. Mechanical properties of ultra-high strength steel sheets. 
Material  Thickness t [mm] Tensile strength [MPa] Elongation [%] 
JSC980Y 1.40 1027 18.7 
JSC1180Y 1.21 1215 8.2 
 
3. Results of slight clearance punching with fixed and moving dieThe surface of sheared edges for slight 
clearance punching of JSC980Y with a (a) fixed die and n=3 and (b) moving die and n=10 for v=3 mm/s are shown 
in Fig. 2. For slight clearance punching with a fixed die, as the punch and die are eccentric, the clearance is non-
uniformly distributed between the punch and die. The burnished surface is large between ș=0 and 180° whereas 
the fracture surface is large between ș=180 and 0°. The condition of the surface of the sheared edge is remained for 
n=2 and 3. In slight clearance punching of JSC980Y with a moving die, the fracture surface is large between 
ș=180 and 0° for n=1 as the punch and die are initially eccentric. However, for n=4 and above, the moving die was 
shifted by the contact between the punch and sheet, and therefore almost all burnished surfaces were obtained in 
the hoop direction. 
 
 
 
 
 
 
 
 
 
Fig. 2. Surface of sheared edges for slight clearance punching of JSC980Y with (a) fixed die and n=3 and (b) moving die and n=10 for v=3 
mm/s. 
The eccentricity of the punch and moving die with the number of strikes for v=5 mm/s is shown in Fig. 3. A 
displacement sensor was used to measure the movement of the moving die for ș=180°. Initially, the center axis of 
the punch and moving die is not the same. For n=1, the center axis of the moving die is 7 ȝPDZD\IURPWKHFHQWHU
axis of the punch. As the n is increases, the moving die moves and therefore, the gap between the center axis of the 
punch and die is steadily decreased. The punch and moving die reached the point of concentric after n=3 and above. 
The gap between the center axis of the punch and moving die was measured for less than 1 ȝP at this point.  
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For the further increase of number of strikes, the eccentricity of die to the punch remains stable on a low level. 
This is shown by the pattern of variation of rollover depth for n=8 and above for the measured angle of ș=0 and 
180°, as in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Eccentricity of the punch and moving die with the number of strikes for v=5 mm/s. 
The variations of the rollover depth and burr height with the number of strikes for punching with a moving die 
for v=5 mm/s are given in Fig. 4. The punched sheets were cut into half and the rollover depth and burr height 
were measured at ș=0 and 180°. The rollover depth and burr height are high for ș=0°, whereas low for ș=180° in 
the initial stage of strikes. The variations of the rollover depth and burr height for ș=0 and 180° are steadily 
decreased with the increase in n and the rollover was measured for almost at the same depth for n=4 and above.  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Fig. 4. Variations of rollover depth and burr height with the number of strikes for punching with moving die for v=5 mm/s. 
 
 
 
 
847 Hasnulhadi Jaafar et al. /  Procedia Engineering  81 ( 2014 )  843 – 848 
D
ep
th
 p
er
ce
nt
ag
e [
%
]
Rollover
Burnished
Fracture
Burr
60
20
40
80
100
-20
0
100 200 300 400 500
Number of strikes n
4. Improvement of sheared edge quality by decrease in punching speed in initial strikesThe surfaces of the 
sheared edge and percentages of the rollover, burnished and fracture depths and burr height on the sheared edge of 
JSC980Y for a constant high punching speed and decrease in punching speeds in the initial strikes are given in Fig. 
5 (a) and (b), respectively. As the punching speed is gradually increases, the percentage of the burnished surface 
increases and the quality of the sheared edge in the hoop direction was almost uniform after n=3. For a slight 
clearance punching with a moving die, a steadily increasing punching speed assisted the movement of the moving 
die to the center of the punch. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Surface of sheared edge and percentages of rollover, burnished and fracture depths and burr height on sheared edge of JSC980Y for (a) 
constant high punching speed and (b) decrease in punching speeds in initial strikes. 
The percentages of the rollover, burnished and fracture depths and burr height on the sheared edge for repeated 
punching for n=500 are given in Fig. 6. Since the punch and moving die are concentric after few strikes, a high 
percentage of the burnished surface is observed for n=100 and above. For n=200, the percentage of the burnished 
surface is slightly decreases as the punch and die were unable to retain the concentric position. The percentage of 
the burnished surface is again increases as the punch and die regain the concentric position as shown in n=300, 400, 
and 500.    
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Percentages of rollover, burnished and fracture depths and burr height on sheared edge for repeated punching for n=500. 
The surface of the punch for repeated punching of JSC980Y is given in Fig. 7. The SKH 51 punch was treated 
by the TiCN (3000HV) coatings having 3 μm in thickness. Since the repeated punching was carried out without 
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lubricant, slight galling is appeared at the round edge of the punch surface. Galling is increased with the number of 
strikes where larger galling was observed for n=500.  
 
 
 
 
Fig. 7. Surface of punch for repeated punching of JSC980Y. 
The surface of the sheared edge for (a) JSC980Y and n=500 and (b) JSC1180Y and n=100 are given in Fig. 8. 
The strength of JSC1180Y is higher than that of the JSC980Y steel sheets for about 18%. For slight clearance 
punching with a moving die, even though a large burnished surface was obtained for both steel sheets, a larger 
fracture surface was observed at the surface of sheared edge of JSC1180Y. Almost all burnished surfaces are 
obtained for the JSC980Y even the number of n=500.  
   
 
 
 
 
 
 
 
 
Fig. 8. Surface of sheared edge for (a) JSC980Y and n= 500 and (b) JSC1180Y and n= 100.  
5. Conclusions 
 
The slight clearance punching process with a moving die is effective for the ultra-high strength steel sheets for 
correcting the eccentricity between the punch and die. This process has the advantage of not only for the 
improvement but also maintaining the high quality of the sheared edge even for high number of strikes. The 
decrease in punching speeds in the initial strikes is effective to initiate the high quality of the sheared edge of the 
ultra-high strength steel sheets. Although the correction of the eccentricity between the punch and die is able by 
slight clearance punching with a moving die, the quality of the sheared edge is subjected to strength of the sheet. 
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